Have Heights of Indian Women Increased faster than Male over the past half Century?

Long Abstract

Introduction
Bias in the intra-allocation of life-chance enhancing household resources has been an important issue for development studies particularly with regard to South Asia since the early colonial period, and especially since Amartya Sen claimed there were “100 million missing women” (Sen, 1989). These lethal discriminatory outcomes have been variously attributed to lack of female empowerment, particularly lack of employment outside the household, and education or literacy (Dreze and Sen, 1989; Murthi, Guido and Dreze, 1995), and alternatively to cultural factors (Dyson and Moore, 19; Agnihotri, Palmer-Jones and Parikh, 2002). Among the claims that are frequently made are that females are disadvantaged in relation not only to birth and survival chances, but also in access to food in relation to effort expenditure. If this claim has merit one would expect females to be disadvantaged relative to males in anthropometric measures especially height and weight in relation to their age, and in Body Mass Index. 

The Indian National Family Health Survey of 2005 (NFHS3) for the first time in South Asia measured heights and weights of adult males as well as females on a large sample; this is welcome as the neglect of adult male anthropometry has meant that it has not been possible to assess the claim that females fare worse than males in a range of welfare relevant indicators. Using these data Deaton (2008) has claimed that heights of women women have grown less than those of men especially in the states which have experienced more rapid growth. 
There can be many problems with using cross section data to assess the relationship between gender and height change over time, not least the differential survival chance of people with different levels of well-being. Other things equal we would expect the better off to be more likely to survive even into middle age. However, there seem to be three specific flaws in Deaton’s approach. Firstly he works with absolute heights; secondly his analyses seem to ignore the NFHS3 survey weights and design; and thirdly he seems unaware that the male sample does not appear to be unbiased with respect to wealth and perhaps other characteristics of the households. The use of absolute heights is inappropriate because even in well nourished households with seemingly gender (and age) neutral access to health care, males achieve significantly greater height than women. Hence the same rate of convergence on potential height from a similar level of deprivation will manifest itself as lower absolute growth rates of height rise of women. An obvious solution is to standardise the heights relative to those that may be considered to have approximated their height potential for both sexes, such as those of advanced western countries (although we should note that these show some continuing height rise at least until recently). A further feature of adult heights is that they fall beyond early-middle age, with female height decline occurring perhaps earlier, and certainly somewhat faster than male height decline (Sorokin et al, 1999; Niewenweg et a., 2003) see below). This needs to be taken account of in any standardisation procedure.
The use of survey weights can be important in regression analysis, and there seems no obvious reason to ignore them. 
The third point arises because of the way in which sampling seems to have been carried out in this survey; the sample population was all ever-married women aged 15-49 and the design specifies that data are to be collected on all males 15-54 inclusive in one half of the households selected (NFHS, 2006:…). The report on the survey is not clear how the male households were selected; leaving this unstated raises the possibility that at least in some cases the selections were left to the discretion of the enumerators and or their supervisors. If this were the case then it is likely that convenience to the enumerator was a factor in selection. This convenience means choosing households where males are present, which is likely to be affected by their employment opportunities, which in turn is affected by their wealth. In any case, some disturbing features emerge from the data. Most obviously, the average wealth score of households in which males were sampled is significantly higher than that of all households (Table 1) , and, compared to those of females, the households in which younger males were sampled wealth was significantly greater than those of females of similar age (Figure 1).

This paper replicates Deaton’s results (Figure 2), the results using survey weights and design features (Figure 3), and the equivalent age standardised height for age figures (Figure 4). We devise a standardisation procedure using Western norms of heights and weights for age from the NHANES III survey in the USA (Figure 4), showing that in Western populations heights decline with age, and heights of females decline faster than those of males at lest between early middle age and retirement. 
We then give the mean age-standardised z-scores at different ages which show no significant differences in the growth of male and female heights between the ages 25 and 49 (53), and report estimations of age-standardised heights with various covariates including some which reflect cultural as well as education and employment variables; we use the language reportedly spoken by the interviewee as an indicator of culture. It is likely that the results are sensitive to the age-standardisation procedure, and we note for future reference that a UK sample suggest higher potential adult heights of females relative to males than in the US data, but this is the subject of further research. In general, our results can be quite sensitive to different specifications.
Even in simple models it turns out that while the coefficients of the interaction of female with age with absolute height are positive and significant, when the dependent variable is age standardised height the coefficient on this variable is not remotely statistically significant, a finding apparently inconsistent with a the claim that females have been disadvantaged in relation to height growth over the past few decades. However, while wealth, education, rurality (controlling for wealth), and education have positive effects on age standardised height, speaking an Indo-Aryan language has a strongly negative effect on height increase of both males and females, but without, so far, any indications that females with these characteristics are disadvantaged (). There is some suggestion that there is a female disadvantage not related to age, and that there is a positive association between males’ height for age and wealth, though this may be accounted for by the mis-sampling of male households.
When the dependent variable is absolute height change the coefficients on female interacted with age for different states are sometimes significant and positive (indicating female disadvantage), but when the dependent variable is the age-standardised height we find that the coefficient on this variable is generally not significant (it is significant ; on the other hand the coefficient on age is generally negative but in many states is not significant. The coefficient on age is significance in WB, CHH, GUJ, MAH, AP, KAR, KER and TN (Table 3).
[to be continued]
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Tables

	Table 1: Average Wealth Scores of Households of Males and Females

	Household with:
	Mean wealth score
	Linearized Std. Err.
	[95% Conf.Interval]

	Males
	-.1649145
	.015769
	-.1958309
	-.1339981

	Females
	-.2096448
	.0150225
	-.2390976
	-.1801919 

	Adj. Wald test (female = male) F(1,  3821)=70.85, Prob > F = 0.0000 


	Table 2: Regressions of Height and Age-standardised Height Z-scores with Covariates

	
	_1
	_2
	_3
	_4

	
	b/se
	b/se
	b/se
	b/se

	Age (years)

	-0.047***

(-8.647)
	-0.006***

(-8.097)
	-0.008***

(-10.014)
	-0.007***

(-9.279)

	Female 

	-13.507***

(-53.405)
	-0.047

(-1.252)
	-0.050

(-1.362)
	-0.048

(-1.332)

	Female * age


	0.021**

(3.174)
	0.000

(0.430)
	0.000

(0.082)
	0.000

(0.048)

	Wealth index

	
	
	0.222***

(32.789)
	0.222***

(32.846)

	Wealth * male 
	
	
	0.072***

(8.857)
	0.073***

(8.882)

	rural 


	
	
	0.160***

(11.077)
	0.160***

(11.078)

	indo_aryan


	
	
	-0.058***

(-4.737)
	

	hill_hindu


	
	
	-0.006

(-0.291)
	-0.007

(-0.346)

	Tamil  


	
	
	0.021

(0.834)
	0.020

(0.784)

	malayalam  

	
	
	-0.032

(-0.759)
	-0.034

(-0.796)

	Indo-aryan * age


	
	
	
	-0.002***

(-5.132)

	Constant


	166.275***

(769.488)
	-1.560***

(-50.185)
	-1.551***

(-50.756)
	-1.567***

(-51.442)

	rsquare2

df model
	0.496

3
	0.002

3
	0.053

10
	0.053

10

	Number of obs
	119800
	119800
	119800
	119800

	Source: authors calculations from NFHS 3

* p<0.05, ** p<0.01, *** p<0.001


	Table 3: State Regressions of Age-standardised height with selected covariates

	Covariate - 
	age
	female * age

	State
	b
	t
	p
	b
	t
	p

	[jm] jam
	-0.006
	-1.013
	0.314
	-0.002
	-0.284
	0.777

	[hp] him
	-0.005
	-1.043
	0.299
	-0.001
	-0.135
	0.893

	[pj] pun
	-0.002
	-0.328
	0.744
	-0.001
	-0.103
	0.919

	[uc] utt
	-0.001
	-0.206
	0.837
	-0.009
	-1.468
	0.145

	[hr] har
	-0.005
	-1.043
	0.300
	0.006
	0.905
	0.368

	[dl] del
	-0.004
	-0.770
	0.443
	0.000
	0.032
	0.974

	[rj] raj
	-0.003
	-0.619
	0.537
	0.000
	-0.054
	0.957

	[up] utt
	-0.003
	-1.902
	0.058
	-0.003
	-1.186
	0.236

	[bh] bih
	0.006
	1.092
	0.277
	-0.009
	-1.481
	0.142

	[sk] sik
	-0.008
	-1.192
	0.238
	-0.007
	-0.879
	0.383

	[ar] aru
	0.000
	0.000
	1.000
	-0.005
	-0.811
	0.420

	[na] nag
	-0.006
	-2.504
	0.013
	0.005
	1.366
	0.173

	[mn] man
	-0.003
	-1.660
	0.099
	-0.005
	-1.412
	0.160

	[mz] miz
	0.002
	0.353
	0.726
	-0.006
	-1.076
	0.286

	[tr] tri
	-0.005
	-1.086
	0.282
	-0.004
	-0.662
	0.511

	[mg] meg
	0.015
	1.897
	0.062
	-0.019
	-2.110
	0.038

	[as] ass
	-0.009
	-2.067
	0.042
	0.001
	0.190
	0.850

	[wb] wes
	-0.012
	-3.756
	0.000
	-0.001
	-0.245
	0.807

	[jh] jha
	-0.001
	-0.222
	0.825
	-0.010
	-1.830
	0.070

	[or] ori
	-0.001
	-0.245
	0.807
	-0.001
	-0.138
	0.891

	[ch] chh
	-0.013
	-3.584
	0.001
	0.000
	0.044
	0.965

	[mp] mad
	-0.006
	-1.467
	0.144
	0.001
	0.219
	0.827

	[gj] guj
	-0.012
	-2.906
	0.004
	0.006
	1.087
	0.279

	[mh] mah
	-0.013
	-6.397
	0.000
	0.002
	0.782
	0.435

	[ap] and
	-0.010
	-4.897
	0.000
	-0.004
	-1.071
	0.285

	[ka] kar
	-0.013
	-5.742
	0.000
	0.004
	1.276
	0.204

	[go] goa
	-0.009
	-2.296
	0.023
	0.008
	1.641
	0.103

	[ke] ker
	-0.014
	-3.007
	0.003
	-0.011
	-1.995
	0.048

	[tn] tam
	-0.009
	-3.375
	0.001
	-0.006
	-1.690
	0.093

	Note: controls include Wealth and Male * Wealth interaction
Source: Author’s calculations form NFHS 3
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Figure 1: Wealth Scores of Households with Males and Females
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Figure 2: Unweighted Mean Female and Male heights by Age, India, 2005-6
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Figure 3: Weighted Mean Female and Male heights by Age, India, 2005-6
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Figure 4: Smoothed mean and 95& ci of heights of non-Hispanic whites at different ages in NHANES III
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Figure 5: Mean Female and Male Age-standardised Height for Age, India, 2005-6
